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1 Introduction

1.1 Purpose

Evapotranspiration (ET) is one of the primary science output variables by the ECOsystem
Spaceborne Thermal Radiometer Experiment on Space Station (ECOSTRESS) mission [Fisher et
al., 2014]. ET is a Level-3 (L-3) product constructed from a combination of the ECOSTRESS
Level-2 (L-2) Land Surface Temperature (7s) product [Hulley 2015] and Ancillary data products.
ET is determined by many environmental and biological controls, including radiative and
atmospheric demand, and vegetation physiology, phenology, environmental sensitivity, and
productivity [Fisher et al., 2011; Fisher et al., 2017]. ET is sensitive to 7§: plants (and soil) will
heat up if they do not have enough water transpiring through their leaf stomata (or soil pores) to
cool them down, and vice versa [Allen et al., 2007]. Thus, Ts may be indicative of ET. Nonetheless,
while 7y may help determine the change in state of ET, the absolute amount of ET is determined
from atmospheric and biological drivers. These drivers are physically described when ET is treated
as an energy variable, or the latent heat flux (LE), which allows for its calculation based on
radiative transfer properties and biological response functions [Penman, 1948; Monteith, 1965].
Some adaptations to these functions are required when observing the components of the ET
calculation from space. In this Algorithm Theoretical Basis Document (ATBD), we describe the
approach taken to retrieve ET from space globally, with application to the ECOSTRESS mission.

1.2 Scope and Objectives
In this ATBD, we provide:

1. Description of the ET parameter characteristics and requirements;
Justification for the choice of algorithm;
Description of the general form of the algorithm;
Required algorithm adaptations specific to the ECOSTRESS mission;
Required Ancillary data products with potential sources and back-up sources;
Plan for the calibration and validation (Cal/Val) of the ET retrieval.

AN

2 Parameter Description and Requirements
Attributes of the ET data required by the ECOSTRESS mission include:

e Spatial resolution of 70 m x 70 m;

e Diurnally varying temporal resolution to match the overpass characteristics of the
International Space Station (ISS);

e Latency as required by the ECOSTRESS Science Data System (SDS) processing system;

e Includes all geographic terrestrial regions visible by the ECOSTRESS instrument (i.e., the
Prototype HyspIRI Thermal Infrared Radiometer; PHyTIR) from the ISS, with priorities
to the ECOSTRESS Science Objective 1 Water Use Efficiency (WUE) target regions
(“hotspots”), the ECOSTRESS Science Objective 3 agricultural regions (e.g., the
Contiguous United States; CONUS), and the Cal/Val sites.
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3 Algorithm Selection
The ET algorithm must satisfy basic criteria to be applicable for the ECOSTRESS mission:
e Physically defensible;

e Globally applicable;

e High accuracy;

e High sensitivity and dependency on remote sensing measurements;
e Relative simplicity necessary for high volume processing;

e Published record of algorithm maturity, stability, and validation.

There are only a few algorithms that satisfy all of these criteria, and they have been the subject of
numerous independent rigorous validations and intercomparisons throughout the scientific
literature, often under the auspices of the LandFlux Initiative within the Global Energy and Water
Cycle Exchanges Project (GEWEX), which is a core component in the World Climate Research
Programme (WCRP), and which is linked to the Group on Earth Observations (GEO), the
International Land Ecosystem-Atmospheric Processes Study (iLEAPs), and the International
Geosphere-Biosphere Program (IGBP). The three primary algorithms under consideration have
been: (1) the Priestley-Taylor Jet Propulsion Laboratory (PT-JPL) algorithm [Fisher et al., 2008];
(2) the Penman-Monteith MOD16 (PM-MOD16) algorithm [Mu et al., 2011]; and, (3) the Surface
Energy Balance System (SEBS) [Su, 2002].

Other approaches, such as Mapping EvapoTranspiration at high-Resolution with Internalized
Calibration (METRIC) [A4llen et al., 2007] and the Atmosphere—Land Exchange Inverse (ALEXI)
[Anderson et al., 2007] have high fidelity, but have typically been more locally (e.g., calibrated to
an individual Landsat scene: METRIC) or regionally (e.g., dependent on geostationary
observations: ALEXI) focused. ALEXI will be used within ECOSTRESS to address the
agricultural-focused Science Objective 3 [Anderson 2015]. Other high fidelity global algorithms
include the Penman-Monteith-Bouchet-Lhomme (PMBL) approach [Mallick et al., 2013], the
Surface Temperature Initiated Closure (STIC) model [Mallick et al., 2014], the Global Land-
surface Evaporation: the Amsterdam Methodology (GLEAM) [Miralles et al., 2011], and a global
application of ALEXI [4nderson et al., 2013]. These additional global approaches are new and do
not satisfy the final criterion required for ECOSTRESS; GLEAM, while having undergone some
testing, requires additional measurements of soil moisture and precipitation, thereby unable to
satisfy the relative simplicity requirement. Other global approaches include non-physically
defensible empirical/statistical upscaling relationships against in sifu measurements of ET—these
include, for example, the Max Planck Institute for Biogeochemistry (MPI-BGC) approach [Jung
et al., 2009], artificial neural networks [Papale and Valentini, 2003], regression trees [Zhang et
al., 2007], support vector models [ Yang et al., 2006], and simple regressions [ Wang et al., 2007].
Finally, multiple land surface, hydrological, climate, and Earth system models simulate ET
globally [e.g., the Variable Infilitration Capacity model (VIC); Liang et al., 1994], but are many
degrees removed from the direct remote sensing observations.
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Figure 1. From Chen et al. [2014], showing PT-JPL with the highest r* and slope closest to 1.0 among
multiple ET algorithms across 23 eddy covariance sites.

Three independent evaluations [ Vinukollu et al., 2011; Chen et al., 2014; Ershadi et al., 2014] of
PT-JPL, PM-MODI16, and SEBS are highlighted here [but, see also, McCabe et al., 2016; Michel
et al., 2016; Miralles et al., 2016]. These studies are noteworthy because all algorithms were run
with common forcing data, the studies used an extensive set of validation datasets, and they
represent independent groups from the US, Australia, and China. The Beijing study used the
metrics of correlation coefficient (r?) and slope of modeled regression against observed ET to
determine that PT-JPL exhibited the highest r?> and slope closest to 1.0 [Chen et al., 2014] (Figure
1). The Princeton study used the metrics of Kendall’s t and Bias to determine that PT-JPL
exhibited the highest T and lowest Bias [ Vinukollu et al., 2011] (Figure 2). Finally, the Australia
study used the metrics of Nash-Sutcliffe Efficiency (NSE) and Root Mean Squared Difference
(RMSD) to determine that PT-JPL exhibited the highest NSE and lowest RMSD [Ershadi et al.,
2014]. Given the findings and recommendations of these independent evaluations, in addition to
our own expertise in the algorithm development and testing (Figure 3), we selected PT-JPL as the
global ET retrieval algorithm for ECOSTRESS.
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Figure 2. From Vinukollu et al. [2011], showing Figure 3. PT-JPL exhibits robust skill from sites
PT-JPL (here, PT-Fi) with the highest t and across all climates and biome types. [Fisher et
lowest bias among multiple ET algorithms. al., 2008; Fisher et al., 2009]
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4 Evapotranspiration Retrieval: PT-JPL

4.1 PT-JPL: General Form
At the core of the PT-JPL ET algorithm is the potential ET (PET) formulation of the Priestley-
Taylor [1972] equation, which is a reduced version of the Penman-Monteith [1965] equation,
eliminating the need to parameterize stomatal and aerodynamic resistances, leaving only
equilibrium evaporation multiplied by a constant (1.26) called the o coefficient:

A p (M
A+y
where A is the slope of the saturation-to-vapour pressure curve (dependent on near surface air
temperature, 7, and water vapour pressure, e,), ¥ 1s the psychrometric constant, and R, is net
radiation (W m2). The Priestley-Taylor equation gives the amount of ET that will occur if water
is not limiting. PET is given in units' of R,, or W m, and is therefore considered as an energy
variable, i.e., LE.

PET =«

To reduce PET to actual ET (4ET) when water is limiting, Fisher et al. [2008] introduced
ecophysiological constraint functions (f~functions, unitless multipliers, 0-1) based on atmospheric
moisture (vapor pressure deficit, VPD; and, relative humidity, RH) and vegetation indices
(normalized difference and soil adjusted vegetation indices, NDVI and SAVI, respectively). The
driving equations in the PT-JPL algorithm are:

AET=ET +ET, +ET, (2)
A 3)
EY—:, =(1_fwet)ﬂfoMaA—”Rn(r

A 4)

EY; = (fwet +£M(l _fwet))aA—_i_y(Rns _G)
5
ET = foa-2 R, )

A+y

where ETs, ET., and ET; are evaporation from the soil, canopy and intercepted water, respectively,
each calculated explicitly and summing to total AET. fye is relative surface wetness (RH?*) [Stone
et al., 1977], f; is green canopy fraction (fipar/firar) [Zhang et al., 2005], fr is a plant temperature
constraint (exp(-((Tmax-Tope)/ Topr)?)) [Potter et al., 1993; June et al., 2004], fir is a plant moisture
constraint (f4par/faparmax) [Potter et al., 1993], and fsu is a soil moisture constraint (RH"*P)
[Bouchet, 1963]. f4rar is absorbed photosynthetically active radiation (PAR), fip4r is intercepted
PAR, Tmax 1s maximum air temperature, Top: 1S Tmax at max(RuTmaxSAVI/VPD), and G is the soil
heat flux. R,., Rns and G are the net radiation (‘c’ for canopy and ‘s’ for soil) and ground heat flux,
respectively. No calibration or site-specific parameters are required of this approach.

! Water fluxes such as precipitation and ET can be given in units of depth per time (i.e., mm-day™); the units are
consistent when they are in volume per area per time (i.e., m*-ha!-day!). 1 m® is equal to 1000 litres. Water can also
be expressed in units of mass—1 kg of water is equal to 1 mm of water spread over 1 m?. ET, like R,, can be expressed
in units of energy too. Because it requires 2.45 MJ to vaporize 1 kg of water (at 20°C), 1 kg of water is therefore
equivalent to 2.45 MJ; 1 mm of water is thus equal to 2.45 MJ-m2,
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Five general data inputs are required to drive the PT-JPL algorithm: 1) R,; 2) Ty; 3) eq; 4) surface
reflectance in the red (R) band; and, 5) surface reflectance in the near infrared (NIR) band. Midday
values averaged over two-week periods (for time steps less than monthly) are used for 7, and e, to
provide stronger coupling between the land and atmosphere. While these data inputs can be
obtained from a variety of sources, including satellite observations, in situ measurements, and
reanalyses, we describe here the approach for obtaining each of these inputs purely from satellite
observations, using the MODerate-resolution Imaging Spectroradiometer (MODIS) as the primary
source.

The retrieval of R, involves the integrated retrieval of individual radiation balance components:
downwelling shortwave radiation (Rsp), upwelling shortwave radiation (Rsy), downwelling
longwave radiation (R.p), and upwelling longwave radiation (R.v):

Ry = (Rsp — Rgy) + (Ryp — Ryy) (6)

Rsp is calculated from an atmospheric radiative transfer model, the Forest Light Environmental
Simulator (FLiES) [Iwabuchi, 2006; Kobayashi and Iwabuchi, 2008; Ryu et al., 2011; Ryu et al.,
2012]. FLiES uses: 1) solar zenith angle (5°, 10°, 15°, 20°, 25°, 30°, 35°, 40°, 45°, 50°, 55°, 60°,
65°, 70°, 75°, 80°, 85°); 2) aerosol optical thickness at 550 nm (0.1, 0.3, 0.5, 0.7, 0.9); 3) cloud
optical thickness (0.1, 0.5, 1, 5, 10, 20, 40, 60, 80, 110); 4) land surface albedo (0.1, 0.4, 0.7); 5)
cloud top height (1000, 3000, 5000, 7000, 9000 m); 6) atmospheric profile type (tropical zone for
tropical type, arid and temperate zones for mid-latitude type, snow and ice zones for high-latitude
type); 7) aerosol type; and, 8) cloud type. FLiES inputs are provided from MODIS products:
MODO04 (aerosol optical thickness, aerosol type), MODO06 (cloud top height, cloud type),
MCD43B2 and MCD43B3 (land surface albedo) [Roesch et al., 2004; Wind et al., 2010, Bi et al.,
2011; Chen et al., 2011].

Rsyis calculated from broadband surface albedo (), which integrates black and white sky albedo,
and Rsp:

Rsy = aRsp (7)
Rip is calculated from Stefan-Boltzmann’s Law:

Rip = oeyTg (&)
where o is the Stefan-Boltzmann constant (5.67x10 W m2 K*), ¢4 is the atmospheric emissivity,

and T, is near surface air temperature. ¢4 is calculated from total atmospheric precipitable water
(0 [Prata, 1996]:

ga=1—(1+&exp(—(C+ D& )

where C and D are coefficients with values of 1.2 and 3, respectively. {'is available from MODIS
product MODOS.



ECOSTRESS LEVEL-3 EVAPOTRANSPIRATION, L3(ET_PT-JPL) ATBD

-150 -120 90 -60 -30 0 30 60 90 120 150

P =
60 — é et . ‘ > 2 - 60

30

Daily ET
mm per day
1 October 2017

-30

-60

-60

-150 -120 -90 -60 -30 0 30 60 90 120 150
Figure 4. Global evapotranspiration (mm d) for a single day at 1 km resolution for PT-JPL from MODIS.

Ry is also calculated from Stefan-Boltzmann’s Law:
RLU = O-SSTS4 (10)

where s is the surface emissivity and 7 is the radiometric surface temperature in Kelvin. &5 and
T are available from MODIS product MODI11L2 [Coll et al., 2009].

Water vapor pressure (e,) is derived from the dew point temperature (7p) using the Clausius-
Clapeyron relationship between the saturation vapor pressure and temperature:

17.27T
ey = 6_137539(TD+237D.3) (11)

Tp is available from MODIS product MODO7 [Chen et al., 2011].
T, is retrieved from MODO7 [Famiglietti et al., 2018]. The vertical profiles (Z) are vertically

interpolated to surface level using surface pressure (P) and the hypsometric equation with a gas
constant of dry air (R) of 287.053 J K'! kg'! and acceleration of gravity (g) of 9.8 m s2:

R P 1
Zlower =—x (Tlower + 27316) * log <Lface) ( 3)
g lower
. L 14
Zupper = —* (Tupper + 273.16) * log< 10wer> (14
g Pupper
such that:
i (15)
Ty = Tiower + (TlOWer — Tupper) " Zupper
lower

An example of a single day global retrieval for PT-JPL from MODIS is shown in Figure 4.
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4.2 PT-JPL: ECOSTRESS adaptation
Two primary adaptations are applied to PT-JPL to enable its use for the ECOSTRESS mission: (1)
adaptation to diurnal cycling; and, (2) spatial resolution improvements.

4.2.1 Diurnal cycling

In the general form of the PT-JPL ET algorithm, this is applied to an instantaneous calculation in
time at the time of overpass of the MODIS Terra (or Aqua) instrument, i.e., ~10.30a local time.
While the instantaneous retrieval is useful for some applications, more applications require a daily
integral or average. What is traditionally done, generally, is to construct a date and latitudinal-
varying sinusoidal curve mimicking the sunrise-to-sunset radiation intensity [Bisht et al., 2005].
The relative ratios of the instantaneously observed variables (e.g., the ET-to-R, ratio, or
Evaporative Fraction) are assumed to be held constant throughout that curve/day. Additional
refinement may be invoked to include the probabilistic or observed fraction of cloud cover
throughout the day and seasonally, land cover or vegetation type-specific parameterizations, and/or
dynamically changing relative ratios of the variables of interest.

Because R, is the dominant driver of ET, and because the other required diurnally-varying PT-JPL
drivers also follow closely R, (i.e., T, and e,; fractional vegetation cover and related cover variables
are considered diurnally constant), we initialize the diurnal cycle calculation with R,. Lagouarde
and Brunet [1993] first developed the framework to obtain the diurnal cycle of 7§ from a sinusoidal
function with the day length and amplitude equal to the difference between maximum 7 and
minimum 7. Bisht et al. [2005] later adapted that to clear sky R, diurnal cycling:

Ry, (t) = RymaxSin (n (ﬂ» (16)

set — lrise

where R, mqr 18 the maximum value of R, observed during the given day, and #.se and . are the
local times at which R, becomes positive and negative, respectively.

The corresponding R, max for the time of overpass (Zoverpass) 18 given as:

R _ Rn,overpass (17)
nmax —
sin <T[ (toverpass_trise))

tset—trise

The daily average R, is given as:

tset (1 8)
R _ J‘trise Rn (t)dt _ 2Rn,max _ ZRn,overpass
n,daily — t - -
d ft slet dt T wsin (1 toverpass—trise
rise tset—lrise
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The daily-to-instantaneous R, ratio is therefore:

Rn,daily _ 1.6 (19)

Rn,overpass sin (T[(TETZ"a))

where T is day length (i.e., f; minus #.), and a is the difference in time between when R, is
maximum and when the satellite overpasses. All times use hour of day in local apparent solar time.

For ECOSTRESS, the general form of this equation is applied every day to each of the diurnally-
varying R, drivers (excluding solar zenith angle and 7§ and ¢, the latter two of which are measured
at diurnally-varying times of day directly from ECOSTRESS), but the modified instantaneous
values are extracted from the equation rather than the daily average.

Similarly, 7 is interpolated diurnally [Halverson et al., 2016]. The wavelength (®) in radians of
the sinusoidal approximation is calculated using the number of daylight hours (DL):

w=2n— 20)
- 7'DL
The phase () in radians of the sinusoidal approximation is calculated using the sunrise hour (SH):
_r_, SH Q1)
PEET

Climatic approximation (T,jmqte) Of diurnal near-surface air temperature applies these seasonal
wavelength and phase values along with known minimum (T,,;,) and maximum (T, )
temperatures for a given location on Earth and day of year to calculate air temperature at a target
hour in the day (t¢qrget):

(22)

Tmax - Tmin .
Tclimate = Tmin + # * Sln(w * ttarget + (P)

Calculating the difference between this sinusoidal approximation at the target time of day (£¢grget)
and at the time of satellite overpass (t,,s) provides an estimation of the increase or decrease in
temperature that usually should have occurred over that period of time, which can be added to the
remote sensing retrieval (T,,s) as a correction to obtain remotely sensed air temperature
(Ttarger degrees) at the target time of day:

Tmax - Tmin (23)

> * (sin(w * trarget + (p) — sin(w * tops + ‘P))

Ttarget = Tobs +
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4.2.2 Spatial resolution improvements

The general form of PT-JPL with MODIS given above results in a spatial resolution of 1 km.
Incorporation of ECOSTRESS measurements of 7 and es at 70 m x 70 m resolution, plus the
incorporation of Landsat vegetation cover information (R and NIR) at 30 m resolution, bring the
ET retrieval real resolution between 30 m and 1 km, depending whether or not 7 and/or vegetation
cover are the dominant drivers of ET for a given place and time (the dominant drivers of ET vary
in strength of ET variance explanation in both space and time). For consistency and application,
we set the ET spatial resolution to 70 m x 70 m, though we advise caution to users interested in
highly heterogeneous surface and meteorological conditions at length scales less than 1 km. All
ancillary data at resolutions other than 70 m x 70 m are re-sampled through cubic interpolation to
match the ECOSTRESS resolution. In the event that MODIS (or Landsat) data are no longer
available for ancillary inputs into PT-JPL during the operational period of ECOSTRESS, alternate
data sources are available from the Visible Infrared Imaging Radiometer Suite (VIIRS) at 750 m,
and/or, as an ultimate back-up, from NASA’s Global Modeling and Assimilation Office (GMAO)
Modern Era Retrospective-Analysis for Research and Applications (MERRA), currently at 0.5-
0.67° resolution (though likely at finer resolution by the planned flight time of ECOSTRESS.

ECOSTRESS 7; and es are incorporated into Equation 10. Landsat-based NDVI and SAVI are
incorporated into Equations 3, 4, and 5, including the soil vs. canopy R, partitioning, as well as fg,
fu, and Topr. An example of this type of spatial down-scaling approach is given in Figure 5.

" ECOSTRESS L3 Simulation [ %
® Salton Sea, 2015-08-09 %

Figure 5. 70 m resolution ET constructed from a blend of 1 km resolution forcing datasets and 70 m
resolution datasets shows the ability to detect heterogeneous water uses in a managed landscape.
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4.2.3 PT-JPL sensitivity to Ts

The primary sensitivity of PT-JPL to 7; from the ECOSTRESS primary measurement is through
R,, which exerts the dominant control on PT-JPL. We note that there are additional modifications
to PT-JPL described throughout the literature that add further sensitivity to 7y through other parts
of the algorithm. These developments are still in research-mode, and are not considered in the
primary PT-JPL implementation within ECOSTRESS, but described below for reference. This
form of PT-JPL was described in Garcia et al. [2013], where fsu is replaced by the normalized
Apparent Thermal Inertia (477) index [Price, 1977]:

1-a (24)

Ts,max - Ts,min

ATI =C

C = sindsing(1 — tan?9 - tan?p) + cosV - cose - arccos(—tand - tany) (25)
where 4 is latitude, and ¢ is solar declination [Igbal, 2012].

The modified fsu is thus given as:

f AT = ATy, (26)
SMATE ™ ATImax - ATImin

A second modification to PT-JPL’s fis function provides additional sensitivity to 7y following the
ATT:

fapar (27)

APAR max

fM,ATI =(1- elogATI)

A final modification to PT-JPL’s E7; is through the inclusion of an additional f~multiplier, called
the soil temperature constraint (fsr):

for = e @

10
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5 Calibration/Validation

ET is measured in situ using the eddy covariance
technique at hundreds of sites around the world
(FLUXNET) [Baldocchi et al., 2001; Baldocchi,
2008]. Instruments attached to towers extending
above the canopies measure ET over ~1 km
integrated footprints (Figure 6), 10 times per
second (averaged to 30 minute intervals) year
round, thereby enabling direct comparisons to
remote sensing observations at similar or finer
spatial resolutions [Jung et al., 2009]. After
making the necessary in sifu corrections to
anomalous measurements, and ensuring energy
balance closure [Goulden et al., 1996, Fisher et
al., 2007], the eddy flux measurements may be
directly comparable. The FLUXNET  sites
generally cover most climate zones and biome
types, though they are distributed more towards
those zones and types within developed
countries such as the US and in Europe (Figure
7).

Figure 6. Evapotranspiration is measured directly via
the eddy covariance technique from instruments
attached to towers extending above canopies, which

allows for relatively large-scale integrated

measurements over ~1 km footprints.

We selected a subset of FLUXNET sites representing a relatively even distribution across the
broad IGBP biome classification types (Table 1). ET measurements will be retrieved from these
sites through the central FLUXNET repository—fluxdata.org—or directly from the site PIs. The
ECOSTRESS instantaneous ET retrieval will be compared directly to the 30 min instantaneous
FLUXNET ET measurement. Bias and root mean squared error (RMSE) statistics will be
calculated, and the entire ECOSTRESS ET data product will be bias-adjusted with potentially

4000

3500 1

3000 1

2500 1

2000 1

1500 1

Total Annual Precipitation (mm)

1000 1

300

270

Mean Annual Air Temperature (K)

barren or sparsely vegetated

snow and ice

= cropland_natural vegetation mosaic

- urban and built-up

croplands

= permanent wetlands

grasslands

savannas

- woody savannas

open shrublands

* closed shrubland
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<1 @FLUXNET

Figure 7. The FLUXNET network of eddy covariance towers span most
biome types and climate zones, thereby enabling adequate global

sampling of evapotranspiration.
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additional adjustments to
further reduce = RMSE.
These adjustments may be
applied universally, or
specific to climate zones
and biome types, depending
on whether or not there are
significant bias and RMSE
differences between climate
zones and biome types.
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Table 1. ECOSTRESS L3 ET FLUXNET validation sites. ENF: evergreen needleleaf forest; EBF: evergreen
broadleaf forest; WSA: woody savanna; SAV: Savanna; CRO: cropland; DBF: Deciduous Broadleaf
Forest; Cal/Val: LST Calibration/Validation.

Site Biome Type Latitude Longitude
Campbell River, Canada ENF 49.9 -125.3
Hartheim, Germany ENF 47.9 7.6
Howland Forest, ME, USA ENF 45.2 -68.7
Metolius, OR, USA ENF 44.5 -121.6
Quebec Boreal, Canada ENF 49.7 -74.3
Tatra, Slovak Republic ENF 49.1 20.2
Wind River Crane, WA, USA ENF 45.8 -122.0
Guyaflux, French Guyana EBF 5.3 -52.9
La Selva, Costa Rica EBF 10.4 -84.0
Manaus K34, Brazil EBF -2.6 -60.2
Santarem KM67, Brazil EBF -2.9 -55.0
Santarem KM83, Brazil EBF -3.0 -55.0
Chamela, Mexico DBF 19.5 -105.0
Duke Forest, NC, USA DBF 36.0 -79.1
Hainich, Germany DBF 51.1 10.5
Harvard Forest, MA, USA DBF 42.5 -72.2
Hesse Forest, France DBF 48.7 7.1
Tonzi Ranch, CA, USA DBF/WSA 38.4 -121.1
ARM S. Great Plains, OK, USA CRO 36.6 -97.5
Aurade, France CRO 435 1.1
Bondville, IL, USA CRO 40.0 -88.3
El Saler-Sueca, Spain CRO 39.3 -0.3
Mead 1, 2, 3 NE, USA CRO 41.2 -96.5

12
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6 Mask/Flag Derivation
For T and es, the ECOSTRESS L2 flags are used to provide quality information for the L3 ET

product. Additional quality flags are incorporated from those provided by the ancillary MODIS
products (Table 2):

Table 2. ECOSTRESS L3 ET MODIS ancillary data flags and responses to poor quality.

Input product Quality Flag Response to poor quality

MODIS Aerosol Quality assurance Replace with assumed minimum
AOT 0.005

MODIS Albedo Quality assurance Gap-fill Landsat with MODIS and
with climatic means

MODIS Cloud Quality assurance Replace with zero

MODIS Atmospheric Profile Quality assurance Air temperature and dew point
are 15-day means

MODIS fPAR, LAl N/A Replace with zero

MODIS Land Cover N/A N/A

MODIS NDVI N/A Gap-fill Landsat with MODIS

13
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7 Metadata
e unit of measurement: Watts per square meter (W m2)
e range of measurement: 0 to 3000 W m™
e projection: ECOSTRESS swath
e spatial resolution: 70 m x 70 m

temporal resolution: dynamically varying with precessing ISS overpass; instantaneous
throughout the day, local time

spatial extent: all land globally, excluding poleward +60°
start date time: near real-time

end data time: near real-time

number of bands: not applicable

data type: float

min value: 0

max value: 3000

no data value: 9999

bad data values: 9999

flags: quality level 1-4 (best to worst)
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